The ability of fresh lemon (Citrus limon) to convert protopanaxadiol-type saponins into ginsenoside Rg3 was investigated, and the structures of 20(S)ginsenoside Rg3 (1) and 20(R)-ginsenoside Rg3 (2) were identified by 1 H NMR and 13 C NMR spectroscopy. The experiment showed that lemon possesses the strong ability to hydrolyze ginsenosides. When protopanaxadiol-type saponins (16 mg/mL) were hydrolyzed by fresh lemon juice at 80°C for 3 hrs, the conversion ratios of ginsenoside Rb1, Rb2, Rc and Rd were 92.9%, 90.0%, 96.9% and 55.5%, respectively, and the yields of 20(S)-ginsenoside Rg3 and 20(R)ginsenoside Rg3 were, respectively, 31.2% and 28.3%.
Ginsenoside Rg3 (3β, 12β, 20-dihydroxydammar-24-ene-3-O-[β-Dglucopyranosyl (l→2)-β-D-glucopyranoside]) was initially isolated from Korean red ginseng [1] . It showed anticancer [2] , neuroprotective [3, 4] , immunity [5] , and radical-scavenging [6] activities. In addition, the combination therapy of ginsenoside Rg3 and either cyclophosphamide (CTX) or paclitaxel may cooperatively enhance the antitumor effect or tumor neovascularity [7, 8] . Preparation of ginsenoside Rg3 commonly depends upon acid hydrolysis [9] [10] [11] . In this paper, ginsenoside Rg3 was prepared by using lemon juice instead of the traditional HCl, H 2 SO 4 and HOAc (Figure 1 ). The main products, 20(S)-ginsenoside Rg3 (1) and 20(R)-ginsenoside Rg3 (2), were separated and their structures determined by HPLC and NMR spectroscopy.
In order to investigate the ability of lemon juice acids to hydrolyze PPD saponins into ginsenoside Rg3, the PPD saponins were treated with fresh lemon juice, and the reaction products analyzed by HPLC ( Figure 2 ). The peaks with retention times of 11.0, 11.9, 12.6, and 15.0 mins corresponded to ginsenoside Rb1, Rc, Rb2 and Rd, respectively. The peaks with retention times of 25 min (compound 1) and 25.8 min (compound 2) were the same as those of standard 20(S)-ginsenoside Rg3 and 20(R)-ginsenoside Rg3, respectively. The peaks with retention times of 34.7 min and 36.2 min were presumed to be due to ginsenoside Rz1, Rk1 and Rg5 according to the literature [12] . The quantitative analysis of ginsenoside Rb1, Rb2, Rc, Rd, 20(S)-Rg3 and 20(R)-Rg3 showed that the conversion rates of ginsenoside Rb1, Rb2, Rc and Rd were 92.9%, 90.0%, 96.9% and 55.5%, respectively, and yielded 31.2% of ginsenoside 20(S)-Rg3 and 28.3% of 20(R)-Rg3. These results indicated that lemon juice could effectively convert PPD saponins into ginsenoside Rg3. The yield of 20(S)-ginsenoside Rg3 was slightly higher than that of 20(R)-ginsenoside Rg3, which showed that the reaction mainly proceeds by the S N 1 mechanism. Two epimers, compounds 1 and 2, were separated by actylation and deactylation [13, 14] . The 1 H NMR and 13 C NMR spectral data of compounds 1 and 2 very closely matched those for 20(S)ginsenoside Rg3 and 20(R)-ginsenoside Rg3 [15] , confirming compound 1 as 20(S)-ginsenoside Rg3, and compound 2 as 20(R)ginsenoside Rg3. 
Preparation and separation of 20(S)-ginsenoside Rg3 and 20(R)ginsenoside Rg3
: PPD saponins were separated from total saponins of ginseng root by the solvent precipitation method [16] . A solution of PPD saponins (16 mg/mL, 625 mL) was treated with lemon juice (312 mL) at 80℃ for 3 h. The reaction mixtures were neutralized with saturated NaHCO 3 , extracted with water-saturated n-BuOH, and evaporated in vacuo at 45℃. The residues were subjected to silica gel CC, and eluted with CHCl 3 -MeOH (8.5:1.5, flow rate 1.5 mL/min ) to obtain a mixture of 20(S)-ginsenoside Rg3 (1) and (2), which were separated using literature methods [13, 14] .
HPLC analysis of the PPD saponins and lemon reaction:
The reaction products were analyzed by HPLC using a Shimadzu Co., LC-20AT system, equipped with a UV detector and gradient pump. The detection wavelength was 203 nm, and the column temperature 40℃. The column was a Shim-Pack VP-C18 (150 × 4.6 mm, ID 5 μm); a 20 μL sample was injected, and the mobile phase utilized gradient conditions with distilled H 2 O (solvent A) and CH 3 CN (solvent B). The solvent B ratios were as follows: 30%, 35%, 40%, 45%, 50%, 52%, 55%, 75%, 90% and 30%, with run times of 0-5, 5-10, 10-15, 15-20, 20-25, 25-35, 35-40, 40-40.1, 40.1-50.1, and 50.1-60 min, respectively, at a 1.0 mL/min flow rate.
